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(57) ABSTRACT 

In the production process of an optical send/receive module, 
parts in each section for tWo-Way communication are con 
structed on a chip of an optical Waveguide substrate, A V 
groove for installing an optical ?ber is formed on the optical 
Waveguide substrate by anisotropic etching. A ?lter for the 
transmission and re?ection of an optical signal is provided 
diagonally relative to the V groove. A?rst optical Waveguide 
and a second optical Waveguide as a straight Waveguide for 
send/receive of an optical signal are disposed at respective 
angles such that an optical signal introduced from the ?rst 
optical Waveguide is re?ected from the ?lter and transmitted 
to the second optical Waveguide and one end of each of the 
?rst and second optical Waveguides is disposed at a position 
close to the optical signal re?ection point in the ?lter. The V 
groove is disposed straightly relative to and in the same 
direction as the second optical Waveguide. A groove for the 

(22) Flled: Sep- 13’ 2001 insertion of the ?lter and a groove for abutting against the 

(30) Foreign Application Priority Data optical ?ber provided in each of the optical Waveguide 
substrates are formed at a time for each line of the optical 

Sep. 13, 2000 (JP) .................................... .. 2000-278058 Waveguide Substrates in the Wafer- The above Construction 
can realize an optical send/receive module, Which can elimi 

Publication Classi?cation nate the need to provide a bent Waveguide, enables all 
Waveguides to be constructed by a straight Waveguide, has 

(51) Int. Cl.7 ............................. .. G02B 6/30; G02B 6/26 a small siZe, and can realize mass production at loW cost, and 
(52) US. Cl. ................ .. 385/49; 385/47; 385/48; 385/50 a process for producing the same. 
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FIG. 3 PRIOR ART 
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OPTICAL COMMUNICATION MODULE AND 
PROCESS FOR PRODUCING THE SAME 

FIELD OF THE INVENTION 

[0001] The invention relates to an optical communication 
module for optical signal transmission, and more particu 
larly to an optical communication module having a structure 
adopting folding at a ?lter and a process for producing the 
same. 

BACKGROUND OF THE INVENTION 

[0002] A conventional optical communication module 
having a structure adopting folding at a ?lter is disclosed, for 
example, in Japanese Patent Laid-Open No. 068705/1999. 
This module is shoWn in FIG. 1. 

[0003] Japanese Patent Laid-Open No. 068705/1999 pro 
poses that, in the optical communication module utiliZing 
tWo-Way WDM (Wavelength division multiplexing), a 
groove is provided in a silicon substrate and a dielectric 
multilayer ?lm ?lter is inserted into the groove With a vieW 
to reducing crosstalk light, Which has leaked from LD (laser 
diode) light into PD (photodiode) light, to a level such that 
poses no practical problem. 

[0004] FIG. 2 shoWs another prior art technique disclosed 
in Japanese Patent Laid-Open No. 352341/1999. 

[0005] This Japanese Patent Laid-Open No. 352341/1999 
proposes that, in a Wavelength multiplexing optical commu 
nication module, in order to realiZe good receive character 
istics, a cross portion, Which crosses a ?rst optical 
Waveguide and a second optical Waveguide each other at the 
end face of an optical Waveguide substrate is provided and, 
in addition, a ?lter, Which re?ects light With wavelength )»1 
and permits transmission of light With Wavelength k2, is 
provided at the end face of the optical Waveguide substrate. 

[0006] In these optical communication modules, the struc 
ture utiliZing folding at a ?lter can reduce crosstalk light, i.e., 
light that has leaked from LD light into PD light, to a level 
Which poses no practical problem. 

[0007] In assembling the above optical communication 
modules, hoWever, the optical axis of the optical ?ber and 
the optical Waveguide should be regulated While monitoring 
output light, and the troublesome assembling Work disad 
vantageously incurs high assembly cost. 

[0008] In order to solve this problem of the prior art, a 
method has been proposed Wherein a V groove for a ?ber 
guide is provided in an optical Waveguide substrate to 
facilitate the regulation of the optical axis of the optical ?ber 
and the optical Waveguide. 

[0009] The use of the V groove in the regulation of the 
optical axis of the optical ?ber and the optical Waveguide 
can realiZe the registration of the optical ?ber Without the 
regulation of the optical axis Which in turn realiZes a reduced 
assembly cost. 

[0010] The V groove is generally prepared by removing 
the (100) crystal face of a Wafer by anisotropic etching to 
form a V-shaped groove of (111) crystal face. Therefore, the 
direction of the V groove is determined by the axial direction 
of the Wafer crystal. 
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[0011] FIG. 3 is an example of crystal axial direction 
(<110>axial direction) and mask direction of a Wafer 90g in 
the preparation of a conventional optical Waveguide sub 
strate 10. 

[0012] A V groove 13 in the optical Waveguide substrate 
10 is formed by removing the (100) crystal face of the Wafer 
90 by anisotropic etching to form a V-shaped groove having 
(111) crystal face. 

[0013] In the conventional production method of a V 
groove, as shoWn in FIG. 3, positioning is carried out so that 
the direction of a mask for preparing a pattern of the optical 
Waveguide substrate 10 is parallel to the crystal axial direc 
tion of the Wafer 90. 

[0014] In the same manner as described in the conven 
tional optical communication modules shoWn in FIGS. 1 
and 2, a bent Waveguide is used to apply, in the inside of the 
optical Waveguide substrate, an optical signal diagonally to 
the ?lter provide perpendicularly to the V groove to perform 
re?ection or transmission of the optical signal. 

[0015] As described above, the conventional optical com 
munication modules had the folloWing problems. 

[0016] First, in assembling an optical communication 
module having a structure adopting folding at a ?lter, the 
optical axis of the optical ?ber and the optical Waveguide 
should be regulated While monitoring output light, and this 
Work disadvantageously incurs high assembly cost. 

[0017] Second, in the inside of the optical Waveguide 
substrate, an optical signal is applied diagonally to a ?lter. 
This necessitates a bent Waveguide. 

[0018] In the conventional production process of an opti 
cal communication module, as shoWn in FIG. 3, the optical 
Waveguide substrate 10 is masked parallel to the crystal 
axial direction of the Wafer, and, in addition, a ?lter is 
provided perpendicularly to the center line of the optical 
Waveguide substrate 10. For this reason, the direction of the 
V groove 13 formed by anisotropic etching becomes per 
pendicular to the ?lter, and a bent Waveguide is necessary for 
diagonally applying the optical signal. 

[0019] When the Waveguide is not straight but has a bend, 
the optical signal loss occurs. In order to reduce this loss, the 
radius of curvature of the bent Waveguide should be larger 
than a given dimension. For this reason, a certain length is 
necessary for the optical Waveguide. This makes it impos 
sible to reduce the siZe of the optical Waveguide substrate. 

[0020] Since the siZe of the optical Waveguide substrate 
cannot be reduced, the siZe of the optical communication 
module cannot also be reduced. For this reason, the produc 
tion cost of optical communication modules has hitherto 
been high. 

SUMMARY OF THE INVENTION 

[0021] Accordingly, it is a ?rst object of the invention to 
solve the above problems of the prior art and to provide an 
optical communication module, Which has a small siZe and 
a loW production cost and is suitable for mass production, 
and a process for producing the same. 

[0022] It is a second object of the invention to solve the 
above problems of the prior art and to provide an optical 
communication module, Which, through the realiZation of 
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the formation of a V groove for ?ber guide diagonally to a 
?lter, can render a bent Waveguide unnecessary and can 
construct the Waveguide by a straight Waveguide only to 
realize a reduction in siZe of the optical Waveguide substrate, 
and a process for producing the same. 

[0023] According to the ?rst feature of the invention, an 
optical communication module for optical signal communi 
cation, cornprises: 

[0024] a ?lter for transmission and re?ection of the 
optical signal; 

[0025] 
[0026] a straight Waveguide provided, betWeen the 

?lter and the optical ?ber, as a Waveguide for corn 
rnunication of the optical signal. 

an optical ?ber; and 

[0027] Preferably, a groove for installing the optical ?ber 
is linearly provided, from the end of the Waveguide, in the 
same direction as and parallel to the direction of the optical 
?ber. 

[0028] Preferably, a ?rst optical Waveguide and a second 
optical Waveguide are provided as the straight Waveguide for 
optical signal communication, the ?rst optical Waveguide 
and the second optical Waveguide are provided at respective 
angles such that an optical signal introduced from the ?rst 
optical Waveguide is re?ected from the ?lter and transmitted 
to the second optical Waveguide and one end of each of the 
?rst and second optical Waveguides is disposed at a position 
close to the optical signal re?ection point in the ?lter, and a 
groove for installing the optical ?ber is disposed straightly 
relative to and in the same direction as the second optical 
Waveguide so as to extend from the end of the second optical 
Waveguide remote from the ?lter toWard the opposite direc 
tion of the second optical Waveguide. 

[0029] Preferably, the optical communication rnodule fur 
ther comprises a receive photodetector for receiving a 
receive optical signal, and a light-ernitting device for send 
ing a send optical signal. In this case, preferably, the ?rst 
optical Waveguide receives the send optical signal sent from 
the light-ernitting device and then sends the optical signal to 
the ?lter, the second optical Waveguide receives the send 
optical signal sent through the ?rst optical Waveguide and 
re?ected from the ?lter and sends the optical signal to the 
optical ?ber provided in the groove, and, further, receives 
the receive optical signal sent through the optical ?ber and 
sends the optical signal to the ?lter, and the receive photo 
detector receives the receive optical signal Which has been 
sent from the second optical Waveguide and has passed 
through the ?lter. 

[0030] A third Waveguide for communication of the 
receive optical signal may be provided betWeen the ?lter and 
the receive photodetector. 

[0031] In this case, a monitoring photodetector for moni 
toring the output of the photodetector may be provided 
behind the light-ernitting device. 

[0032] In the optical communication rnodule according to 
the ?rst feature of the invention, preferably, the receive 
optical signal is different from the send optical signal in 
Wavelength, and the ?lter permits the transmission of the 
receive optical signal and re?ects the send optical signal to 
perform two-way communication of Wavelength division 
multiplexing. 
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[0033] Preferably, the receive optical signal and the send 
optical signal are identical to each other in optical signal 
Wavelength, and the ?lter partially re?ects light With the 
Wavelength of the receive optical signal and light With the 
Wavelength of the send optical signal and permits the 
transmission of a part of these lights to perform two-way 
communication using optical signals With an identical Wave 
length. 
[0034] Preferably, the receive optical signal and the send 
optical signal are identical to each other in optical signal 
Wavelength, and the ?lter has a half mirror, for partially 
re?ecting light With the Wavelength of the receive optical 
signal and light With the Wavelength of the send optical 
signal, and permitting the transmission of a part of these 
lights, and a ?lter ?lrn which permits the transmission of 
light With the Wavelength of the receive optical signal and 
light With the Wavelength of the send optical signal and does 
not permit the transmission of light With Wavelength of input 
noise light, and the input noise light is cut off to perform 
two-way communication using optical signals With an iden 
tical Wavelength. 

[0035] Preferably, parts in each section for tWo-Way corn 
rnunication are constructed on a chip of the optical 
Waveguide substrate. 

[0036] Preferably, the groove for installing the optical 
?ber is formed on the optical Waveguide substrate. 

[0037] Preferably, the groove for installing the optical 
?ber is formed in a V form in section by anisotropic etching 
in the optical Waveguide substrate. 

[0038] Preferably, the optical Waveguide substrate is in the 
form of a parallelograrn of Which the angle of the vertex is 
not right angle, and the groove and the ?lter are provided 
parallel respectively to adjacent tWo sides of the parallelo 
grarn in the optical Waveguide substrate. 

[0039] Preferably, a carrier for mounting the receive pho 
todetector for receiving the receive optical signal is provided 
and the receive photodetector is mounted Within the carrier, 
Which is installed, rather than Within the optical Waveguide 
substrate, at a position that receives the receive optical signal 
Which has passed through the ?lter. 

[0040] According to a second feature of the invention, an 
optical communication apparatus provided With an optical 
communication module for optical signal communication is 
provided Wherein the Waveguide for communication of the 
optical signal provided betWeen the ?lter for the transmis 
sion and re?ection of the optical signal and the optical ?ber 
Within the optical communication module is a straight 
Waveguide. 
[0041] Preferably, a groove for installing the optical ?ber 
is linearly provided Within the optical communication mod 
ule, from the end of the Waveguide, in the same direction as 
and parallel to the direction of the optical ?ber. 

[0042] Preferably, a ?rst optical Waveguide and a second 
optical Waveguide are provided as the straight Waveguide for 
optical signal communication within the optical communi 
cation rnodule, the ?rst optical Waveguide and the second 
optical Waveguide are provided at respective angles such 
that an optical signal introduced from the ?rst optical 
Waveguide is re?ected from the ?lter and transmitted to the 
second optical Waveguide and one end of each of the ?rst 
and second optical Waveguides is disposed at a position 
close to the optical signal re?ection point in the ?lter, and a 
groove for installing the optical ?ber is disposed straightly 
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relative to and in the same direction as the second optical 
Waveguide so as to extend from the end of the second optical 
Waveguide remote from the ?lter toWard the opposite direc 
tion of the second optical Waveguide. 

[0043] According to the third feature of the invention, a 
process for producing an optical communication module for 
optical signal communication is provided, Wherein a straight 
Waveguide is linearly formed as a Waveguide for commu 
nication of the optical signal provided betWeen an optical 
?ber and a ?lter for the transmission and re?ection of an 
optical signal. 

[0044] In the production process, preferably, a groove for 
installing the optical ?ber is linearly provided, from the end 
of the Waveguide, in the same direction as and parallel to the 
direction of the optical ?ber. 

[0045] In the production process, preferably, a ?rst optical 
Waveguide and a second optical Waveguide are provided as 
a straight Waveguide for optical signal communication, the 
?rst optical Waveguide and the second optical Waveguide are 
provided at respective angles such that an optical signal 
introduced from the ?rst optical Waveguide is re?ected from 
the ?lter and transmitted to the second optical Waveguide 
and one end of each of the ?rst and second optical 
Waveguides is disposed at a position close to the optical 
signal re?ection point in the ?lter, and a groove for installing 
the optical ?ber is disposed straightly relative to and in the 
same direction as the second optical Waveguide so as to 
eXtend from the end of the second optical Waveguide remote 
from the ?lter toWard the opposite direction of the second 
optical Waveguide. 

[0046] In the production process, preferably, parts in each 
section for tWo-Way communication are constructed on a 
chip of the optical Waveguide substrate. 

[0047] In the production process, preferably, the groove 
for installing the optical ?ber is formed on the optical 
Waveguide substrate by anisotropic etching. 

[0048] In the production process, preferably, the groove 
for installing the optical ?ber is formed in a V form as 
vieWed in section on the optical Waveguide substrate. 

[0049] In the production process, preferably, a mask for 
forming each chip of the optical Waveguide substrate is 
formed on a Wafer diagonally relative to the aXial direction 
of the Wafer crystal. 

[0050] In the production process, preferably, a mask for 
each chip of the optical Waveguide substrate is formed on a 
Wafer in the longitudinal direction along the crystal face 
orientation of the Wafer and in the lateral direction diago 
nally relative to the crystal face orientation of the Wafer and 
the optical Waveguide substrate is formed in a parallelogram 
form. 

[0051] In the production process, preferably, a groove for 
the insertion of the ?lter and a groove for abutting against 
the optical ?ber provided in each of the optical Waveguide 
substrates are formed at a time for each line of the optical 
Waveguide substrates in the mask of the Wafer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] The invention Will be eXplained in more detail in 
conjunction With the appended draWings, Wherein: 

[0053] FIG. 1 is a diagram shoWing an eXample of the 
conventional optical communication module; 
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[0054] FIG. 2 is a diagram shoWing another eXample of 
the conventional optical communication module; 

[0055] FIG. 3 is a diagram shoWing an eXample of con 
ventional mask direction and aXial direction of Wafer crystal; 

[0056] FIG. 4 is a diagram shoWing the construction of an 
optical communication module according to a ?rst preferred 
embodiment of the invention; 

[0057] FIG. 5 is a diagram shoWing an embodiment of 
mask direction and aXial direction of Wafer crystal according 
to the ?rst preferred embodiment of the invention; 

[0058] FIG. 6 is a diagram illustrating the preparation of 
a groove for abutting against a ?ber and the preparation of 
a ?lter insertion groove according to the ?rst preferred 
embodiment of the invention; 

[0059] FIG. 7 is a diagram shoWing the construction of an 
optical communication module according to a second pre 
ferred embodiment of the invention; 

[0060] FIG. 8 is a diagram shoWing the construction of an 
optical communication module according to a third pre 
ferred embodiment of the invention; 

[0061] FIG. 9 is a diagram shoWing the construction of an 
optical communication module according to a fourth pre 
ferred embodiment of the invention; 

[0062] FIG. 10 is a diagram shoWing the construction of 
an optical communication module according to a ?fth pre 
ferred embodiment of the invention: 

[0063] FIG. 11 is a diagram shoWing an embodiment of 
mask direction and aXial direction of Wafer crystal according 
to the ?fth preferred embodiment of the invention; 

[0064] FIG. 12 is a diagram shoWing the construction of 
an optical communication module according to a siXth 
preferred embodiment of the invention; and 

[0065] FIG. 13 is a diagram shoWing the construction of 
an optical communication module according to a seventh 
preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0066] Preferred embodiments of the invention Will be 
explained in detail in conjunction With the accompanying 
draWings. 
[0067] FIG. 4 is a diagram shoWing the construction of an 
optical communication module according to a ?rst preferred 
embodiment of the invention. 

[0068] Referring noW to FIG. 4, an optical communica 
tion module according to this preferred embodiment com 
prises an optical Waveguide substrate 10, a light-emitting 
device 20, a monitoring photodetector 30, a receive photo 
detector 40, and an optical ?ber 50, and a ?lter 60. 

[0069] In the optical Waveguide substrate 10, an optical 
Waveguide 11, an optical Waveguide 12, a V groove 13 for 
a ?ber guide, a groove 14 for abutting against a ?ber, and a 
?lter insertion groove 15 are provided. 

[0070] The optical Waveguide 11 and the optical 
Waveguide 12 are straight Waveguides Which are provided 
symmetrically about the center line of the optical Waveguide 
substrate 10. 
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[0071] The ?lter insertion groove 15 is provided so that 
light from the optical Waveguide 11 is re?ected from the 
?lter 60 and is coupled to the optical Waveguide 12. The 
groove 14 for abutting against a ?ber functions also as the 
formation of the end face of the optical Waveguide 11. 

[0072] The V groove 13 is provided on a prolongation line 
of the optical Waveguide 12, and thus is provided diagonally 
to the center line of the optical Waveguide substrate 10. An 
optical ?ber 50 is inserted into the V groove 13 and is 
coupled to the optical Waveguide 12 Without the regulation 
of the optical axis. 

[0073] In the optical communication module according to 
this preferred embodiment, providing the V groove 13 
diagonally to the center line of the optical Waveguide 
substrate 10 in this Way can eliminate the need to provide a 
bent Waveguide and can provide the optical Waveguide 12 as 
a straight Waveguide. 

[0074] The groove 14 for abutting against an optical ?ber 
and the ?lter insertion groove 15 can be formed using a 
dicing saW. The V groove 13 for a ?ber guide may be formed 
by anisotropically etching silicon in such a manner that the 
optical axis of the optical ?ber 50 conforms to the optical 
axis of the optical Waveguide 12. 

[0075] The light-emitting device 20 for emitting light With 
wavelength )»1 is disposed so as to be coupled to the optical 
Waveguide 11. The monitoring photodetector 30 is disposed 
behind the photodetector 20 so as to be coupled to light 
output from the backside of the light-emitting device 20. 

[0076] A ?lter ?lm 61, Which re?ects light With Wave 
length )»1 and permits the transmission of light With Wave 
length )»2, is formed on the ?lter 60 by vapor deposition. 
Upon re?ection from the ?lter ?lm 61, light With wavelength 
)»1 from the optical Waveguide 11 is coupled to the optical 
Waveguide 12, and is led through an optical ?ber 50 to a 
transmission line. 

[0077] The receive photodetector 40 is disposed behind 
the ?lter 60 so as to be coupled to light With wavelength )»2 
Which is incident from the optical Waveguide 12 and is 
passed through the ?lter ?lm 61. 

[0078] A Waveguide incident photodetector and an end 
face incident photodetector, Which can be easily coupled to 
the light-emitting device 20 and the optical Waveguide 12 
are preferably used in the monitoring photodetector 30 and 
the receive photodetector 40. Further, the provision of a 
function of folding light by 90 degrees on the optical 
Waveguide substrate enables the use of a surface incident 
photodetetor and a backside incident photodetector. 

[0079] Next, the operation of the optical communication 
module according to this preferred embodiment Will be 
explained. 

[0080] Light With Wavelength k1 emitted from the light 
emitting device 20 is ?rst guided through the optical 
Waveguide 11, is re?ected from the ?lter ?lm 61, is coupled 
to the optical Waveguide 12, and is led through the optical 
?ber 50 to a transmission line. 

[0081] The monitoring photodetector 30 receives light 
output from the backside of the light-emitting device 20 and 
utiliZes this light for controlling the optical output of the 
light-emitting device 20. 
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[0082] Light With Wavelength k2 introduced from the 
optical ?ber 50 side is guided through the optical Waveguide 
12, is passed through the ?lter ?lm 61, and is introduced into 
and received by the receive photodetector 40. 

[0083] The optical communication module according to 
this preferred embodiment sends light With Wavelength X1 
and receives light With wavelength )»2 through the above 
operation. 

[0084] Next, a method for forming, diagonally to the 
center line of the optical Waveguide substrate 10, the V 
groove 13 for a ?ber guide in the optical communication 
module according to this preferred embodiment Will be 
described. 

[0085] In the optical communication module according to 
the invention, as shoWn in FIG. 5, the V groove 13 is 
prepared diagonally to the center line of the optical 
Waveguide substrate 10 by positioning the direction of a 
mask, for previously preparing a pattern of the optical guide 
substrate 10, diagonally to the crystal axial direction (<110> 
axial direction) of the Wafer 90. 

[0086] Further, since the groove 14 for abutting against the 
?ber and the ?lter insertion groove 15 may be formed 
perpendicularly to the center line of the optical Waveguide 
substrate 10, as shoWn in FIG. 6, the groove can be easily 
formed by means of a dicing saW in the Wafer 90 per se. 

[0087] In this preferred embodiment, in FIGS. 5 and 6, as 
With conventional Wafers, the Wafer 90 is in a disk form and 
has a notch called orientation ?at in one end in the crystal 
axial direction. The form of the Wafer, hoWever, is not 
limited to this, and, likeWise, also in other forms, an optical 
communication module can be produced by the above 
production process. Further, also in the material of the Wafer 
90, the optical communication module according to the 
present preferred embodiment can be produced for example, 
by using silicon or other various materials, for example, 
compound semiconductors, such as GaAs or InP. 

[0088] In the optical communication module and the pro 
duction process thereof according to the present preferred 
embodiment, a V groove for a ?ber guide can be formed 
diagonally, rather than perpendicularly to the ?lter, to the 
center line of the optical Waveguide substrate 10. 

[0089] This eliminates the need to provide a bent 
Waveguide, and the Waveguide can be constructed by the 
straight Waveguide only. Therefore, for example, a reduction 
in siZe of the optical Waveguide substrate and the optical 
communication module per se, a reduction in production 
cost, and the elimination of bending loss of signal light can 
be realiZed. 

[0090] Further, since there is no need to form, one by one, 
the groove 14 for abutting against the ?ber and the ?lter 
insertion groove 15 after cutting the Waveguide substrate 10, 
the groove production cost can be signi?cantly reduced. 

[0091] Next, other preferred embodiments of the invention 
Will be explained in detail in conjunction With the accom 
panying draWings. 

[0092] FIG. 7 is a diagram shoWing the construction of an 
optical communication module according to the second 
preferred embodiment of the invention. 
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[0093] Referring to FIG. 7, unlike the ?rst preferred 
embodiment Wherein the receive photodetector 40 is 
mounted on the optical Waveguide substrate 10, in the 
optical communication module according to this preferred 
embodiment, the receive photodetector 40 is mounted on a 
carrier 70 and is then disposed behind the ?lter 60 so as to 
be coupled to the optical Waveguide 12. 

[0094] Therefore, by virtue of a structure Wherein the 
receive photodetector 40 is mounted on the carrier 70, the 
optical communication module according to this preferred 
embodiment has, in addition to the effect of the ?rst pre 
ferred embodiment, an advantage that a surface incident 
photodetector and a backside incident photodetector may be 
used in the receive photodetector 40 Without the provision of 
a function of folding light by 90 degrees on the optical 
Waveguide substrate 10. 

[0095] FIG. 8 is a diagram shoWing the construction of an 
optical communication module according to a third pre 
ferred embodiment of the invention. 

[0096] In this preferred embodiment, unlike the ?rst and 
second preferred embodiments Where optical signals With 
different Wavelengths are used in send/receive, an optical 
signal With an identical Wavelength is used in send/receive. 

[0097] Referring noW to FIG. 8, in the optical communi 
cation module according to this preferred embodiment, 
unlike a system Wherein the ?lter ?lm 61, Which re?ects 
light With wavelength )»1 and permits the transmission of 
light With Wavelength k2, is vapor deposited on the ?lter 60, 
a half mirror 63, Which re?ects the half of light With 
wavelength )»1 and permits the transmission of the remain 
ing half of the light, is vapor deposited on the ?lter 60. 

[0098] A send optical signal With Wavelength k1 emitted 
from the light-emitting device 20 is guided through the 
optical Waveguide 11, is re?ected from the half mirror 63, is 
coupled to the optical Waveguide 12, and is led through the 
optical ?ber 50 to the transmission line. 

[0099] A receive optical signal With wavelength )»1 intro 
duced through the optical ?ber 50 is guided through the 
optical Waveguide 12, is passed through the half mirror 63, 
and is incident on the receive photodetector 40. 

[0100] Thus, the provision of the half mirror 63 on the 
?lter 60 by vapor deposition can provide an optical com 
munication module Which sends/receives light With identical 
Wavelength 21. Further, as With each of the above preferred 
embodiments, the provision of a bend Waveguide is unnec 
essary and the Waveguide can be constructed by the straight 
Waveguide only. This can realiZe a reduction in siZe of the 
optical Waveguide substrate and the optical communication 
module per se and a reduction in production coat. There is 
no need to form the groove one by one after cutting the 
Waveguide substrate 10, and, thus, a reduction in production 
cost of the groove can be realiZed. 

[0101] FIG. 9 is a diagram shoWing the construction of an 
optical communication module according to a fourth pre 
ferred embodiment of the invention. 

[0102] Referring noW to FIG. 9, in the optical communi 
cation module according to this preferred embodiment, the 
half mirror 63, Which re?ects the half of light With Wave 
length )»1 and permits the transmission of the remaining half 
of light, is vapor deposited on the ?lter 60, and the ?lter ?lm 
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62, Which permits the transmission of light With Wavelength 
X1 and re?ects light With Wavelength k2, is vapor deposited 
on the ?lter 60 in its side remote from the half mirror 63. 

[0103] A send optical signal With wavelength )»1 emitted 
from the light-emitting device 20 is guided through the 
optical Waveguide 11, is re?ected from the half mirror 63, is 
coupled to the optical Waveguide 12, and is led through the 
optical ?ber 50 to the transmission line. 

[0104] A receive optical signal With wavelength )»1 intro 
duced through the optical ?ber 50 is guided through the 
optical Waveguide 12, is passed through the half mirror 63 
and the ?lter ?lm 62, and is incident on the receive photo 
detector 40. 

[0105] Light With Wavelength 22, that is noise light Which 
has gotten miXed Within the optical ?ber 50, is guided 
through the optical Waveguide 12 and is transmitted through 
the half mirror 63. This light, hoWever, is re?ected from the 
?lter ?lm 62, and, thus, is not incident on the receive 
photodetector 40. 

[0106] Thus, the provision of the half mirror 63 for light 
With wavelength )»1 on one side of the ?lter 60 by vapor 
deposition and the provision of the ?lter ?lm 62, Which 
permits the transmission of light With wavelength )»1 and 
re?ects light With wavelength )2, by vapor deposition on the 
other side of the ?lter 60 can realiZe, as With the third 
preferred embodiment, send/receive of signal light With 
wavelength )»1 and, at the same time, can realiZe the function 
of cutting-off the input noise light. 

[0107] In the optical communication module according to 
this preferred embodiment, the vapor deposition of a ?lm 
having both the function of the half mirror 63 and the 
function of the ?lter ?lm 62 on one side of the ?lter 60 can 
attain the same effect. 

[0108] FIG. 10 is a diagram shoWing the construction of 
an optical communication module according to the ?fth 
preferred embodiment of the invention. 

[0109] Referring noW to FIG. 10, the optical communi 
cation module according to this preferred embodiment is 
constructed so that the V groove 13 is parallel to the center 
line of the optical Waveguide substrate 10 by cutting the 
optical Waveguide substrate 10 into a parallelogrammatic 
shape. 

[0110] FIG. 11 is a diagram shoWing an embodiment of 
mask direction and aXial direction of Wafer crystal according 
to the ?fth preferred embodiment of the invention. 

[0111] As shoWn in FIG. 11, the V groove 13 can be made 
parallel to the center line of the optical Waveguide substrate 
10 by cutting the optical Waveguide substrate 10 in a 
direction parallel to the crystal aXis direction of the Wafer 90. 

[0112] The above-described optical communication mod 
ule according to this preferred embodiment can realiZe the 
same effect as attained in the ?rst preferred embodiment. In 
addition, the V groove 13 can be made parallel to the center 
line of the optical Waveguide substrate 10. Therefore, in 
mounting the optical Waveguide substrate 10 on a package 
for mounting the optical Waveguide substrate, there is no 
need to diagonally mount the optical Waveguide substrate 10 
according to the direction of the outlet of the ?ber. Thus, the 
optical Waveguide substrate 10 can be mounted parallel to 
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the ?ber. This can realize a further reduction in siZe of the 
optical communication module, 

[0113] The optical communication module according to 
this preferred embodiment can also be combined With the 
construction of the second, third, and fourth preferred 
embodiments. That is, also in each of the preferred embodi 
ments, the adoption of a parallelogrammatic shape in the 
optical Waveguide substrate 10 as in the case of this pre 
ferred embodiment can more easily attain the effect of the 
present preferred embodiment, that is, the mounting of the 
optical Waveguide substrate 10 so as to be parallel to the 
?ber. 

[0114] FIG. 12 is a diagram shoWing the construction of 
an optical communication module according to the sixth 
preferred embodiment of the invention. 

[0115] Referring noW to FIG. 12, in the optical commu 
nication module according to this preferred embodiment, an 
optical Waveguide 16 is also provided betWeen the ?lter 60 
and the receive photodetector 40 to permit a receive optical 
signal, Which has been passed through the ?lter 60, to lead 
to the photodetector 40. The diameter Within the optical 
Waveguide 16 is made larger than the optical Waveguide 12 
on the opposite side of the ?lter 60 so that the receive optical 
signal can be easily introduced into the optical Waveguide 
16. 

[0116] The optical signal is scattered in various directions 
and there are many noise lights on the ?lter 60 in its points 
Where the optical signal is re?ected or transmitted. In the 
optical communication module according to the present 
preferred embodiment shoWn in FIG. 12, the provision of 
the optical Waveguide 16 prevents the send optical signal, 
from the light-emitting device 20, from entering the receive 
photodetector 40 side, and only the receive optical signal can 
be ef?ciently received. 

[0117] FIG. 13 is a diagram shoWing the construction of 
an optical communication module according to the seventh 
preferred embodiment of the invention. In this preferred 
embodiment, the optical ?ber 50 is not installed Within the 
optical Waveguide substrate 10, and, instead, the optical 
?ber 50 is installed by providing ?xation means 51 for the 
optical ?ber 50 at the end of the optical Waveguide substrate 
10. 

[0118] In the above preferred embodiments, the installa 
tion of the optical ?ber 50 Within the optical Waveguide 
substrate 10, for example, by a method using the V groove 
13 has been explained. HoWever, also in the connection of 
the optical ?ber 50 to the end of the optical Waveguide 
substrate 10 according to the present preferred embodiment, 
the preparation of an optical communication module by 
straight Waveguides 11, 12 only free from any bending 
Waveguide can realiZe, for example, a reduction in the siZe 
of the optical communication module, the elimination of 
bending loss, and a reduction in production cost. 

[0119] In addition to the methods described in the above 
preferred embodiments, such as a method Wherein the 
send/receive of optical signals With different Wavelengths is 
carried out and a method Wherein the send/receive of optical 
signals With an identical Wavelength is carried out, it is also 
possible to adopt a method Wherein only the receive of 
optical signals With different Wavelengths is carried out and 
a method Wherein only the send of optical signals With 
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different Wavelengths is carried out. That is, rather than the 
use of the light-emitting device 20 and the receive photo 
detector 40 according to the above-described preferred 
embodiments, the provision of an additional one receive 
photodetector instead of the light-emitting device 20 and, 
likeWise, the provision of an additional one light-emitting 
device 20 instead of the receive photodetector 40 can realiZe 
an optical communication module for performing the above 
communication and can attain the same effect as described 
in the above preferred embodiments. 

[0120] Further, each of the above preferred embodiments 
may be combined in various Ways to realiZe the above 
effects. 

[0121] The invention has been described With reference to 
preferred embodiments and examples. HoWever, it should be 
noted that the invention is not limited to the above preferred 
embodiments and examples and various variations and 
modi?cations can be effected Within the scope of the tech 
nical idea of the invention. 

[0122] As is apparent from the foregoing description, the 
optical communication module and production process 
according to the invention can provide the folloWing effects. 

[0123] First, the production process of an optical commu 
nication module according to the invention can realiZe an 
optical communication module Wherein the Waveguide is 
constructed by a straight Waveguide only. 

[0124] This is attributable to the folloWing facts. In the 
prior art, an optical ?ber has been installed parallel to the 
center line of the optical Waveguide substrate. Therefore, in 
order to re?ect signal light diagonally With respect to the to 
?lter provided perpendicularly to the center line of the 
optical Waveguide substrate, a bent Waveguide should be 
provided. In the optical communication module according to 
the invention, hoWever, providing the V groove, for a ?ber 
guide provided With an optical ?ber, diagonally to the center 
line of the optical Waveguide substrate can realiZe the 
construction of the Waveguide by a straight Waveguide only. 

[0125] Further, the construction of the Waveguide by a 
straight Waveguide only can remove the bending loss of the 
signal light and thus can realiZe loW-loss, high-quality 
communication. Furthermore, the provision of a bent 
Waveguide requiring a large space Within the optical 
Waveguide substrate becomes unnecessary, and, thus, the 
construction of an optical Waveguide substrate using a 
straight Waveguide can be realiZed in a much smaller space. 
This contributes to a reduction in siZe of the optical 
Waveguide substrate. Furthermore, the reduction in siZe of 
the optical Waveguide substrate can realiZe a reduction in 
siZe of the Whole optical communication module, and the 
production process of the invention could have realiZed an 
optical communication module having a siZe Which is at 
least 50% smaller than the conventional optical communi 
cation module. 

[0126] Second, the production process of an optical com 
munication module according to the invention can realiZe a 
reduction in production cost of the optical communication 
module. 

[0127] The reduction in siZe of the optical Waveguide 
substrate can increase the yield of the optical Waveguide 
substrate Which can be obtained from one Wafer. This can 
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reduce the cost of the production of one optical Waveguide 
substrate. For example, When the siZe of the optical 
Waveguide substrate has been halved, the production cost of 
the optical Waveguide substrate can be halved. 

[0128] The application of the V groove for a ?ber guide 
can eliminate the need to perform optical aXis regulation 
While monitoring the optical output. This can reduce the 
assembly cost. 

[0129] Third, in the production process of an optical 
communication module according to the invention, common 
use of parts and assembly equipment for the production of 
various optical communication module described in the 
above preferred embodiments can be realiZed. 

[0130] In the optical communication module according to 
the invention, merely selecting the type of ?lters for inser 
tion into the optical Waveguide substrate can realiZe various 
forms of functions, such as a system Which sends light With 
wavelength )»1 and receives light With different Wavelength 
22, a system Which sends and receives light With identical 
wavelength )1, and a system Which receives or sends both 
light With wavelength )»1 and light With different Wavelength 
22. For all other parts, such as an optical Waveguide sub 
strate, a light emitting device, a monitoring photodetector, 
and a receive photodetector, common use is possible. 

[0131] The realiZation of common use of parts can facili 
tate the management of parts, can realiZe efficient produc 
tion, and can realiZe common use of assembly equipment. 

[0132] The invention has been described in detail With 
particular reference to preferred embodiments, but it Will be 
understood that variations and modi?cations can be effected 
Within the scope of the invention as set forth in the appended 
claims. 

What is claimed is: 
1. An optical communication module for optical signal 

communication, comprising: 
a ?lter for transmission and re?ection of the optical 

signal; 

an optical ?ber; and 

a straight Waveguide provided, betWeen the ?lter and the 
optical ?ber, as a Waveguide for communication of the 
optical signal. 

2. The optical communication module according to claim 
1, Wherein a groove for installing the optical ?ber is linearly 
provided, from the end of the Waveguide, in the same 
direction as and parallel to the direction of the optical ?ber. 

3. The optical communication module according to claim 
1 or 2, Wherein 

a ?rst optical Waveguide and a second optical Waveguide 
are provided as the straight Waveguide for optical 
signal communication, 

the ?rst optical Waveguide and the second optical 
Waveguide are provided at respective angles such that 
an optical signal introduced from the ?rst optical 
Waveguide is re?ected from the ?lter and transmitted to 
the second optical Waveguide and one end of each of 
the ?rst and second optical Waveguides is disposed at a 
position close to the optical signal re?ection point in 
the ?lter, and 
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a groove for installing the optical ?ber is disposed 
straightly relative to and in the same direction as the 
second optical Waveguide so as to eXtend from the end 
of the second optical Waveguide remote from the ?lter 
toWard the opposite direction of the second optical 
Waveguide. 

4. The optical communication module according to claim 
3, Which further comprises 

a receive photodetector for receiving a receive optical 
signal and 

a light-emitting device for sending a send optical signal, 
and Wherein 

the ?rst optical Waveguide receives the send optical signal 
sent from the light-emitting device and then sends the 
optical signal to the ?lter, 

the second optical Waveguide receives the send optical 
signal sent through the ?rst optical Waveguide and 
re?ected from the ?lter and sends the optical signal to 
the optical ?ber provided in the groove, and, further, 
receives the receive optical signal sent through the 
optical ?ber and sends the optical signal to the ?lter, 
and 

the receive photodetector receives the receive optical 
signal Which has been sent from the second optical 
Waveguide and has passed through the ?lter. 

5. The optical communication module according to claim 
4, Wherein a third Waveguide for communication of the 
receive optical signal is provided betWeen the ?lter and the 
receive photodetector. 

6. The optical communication module according to claim 
4 or 5, Wherein a monitoring photodetector for monitoring 
the output of the photodetector is provided behind the 
light-emitting device. 

7. The optical communication module according to any 
one of claims 1 to 6, Wherein 

the receive optical signal is different from the send optical 
signal in Wavelength, and 

the ?lter permits the transmission of the receive optical 
signal and re?ects the send optical signal to perform 
tWo-Way communication of Wavelength division mul 
tipleXing. 

8. The optical communication module according to any 
one of claims 1 to 6, Wherein 

the receive optical signal and the send optical signal are 
identical to each other in optical signal Wavelength, and 

the ?lter partially re?ects light With the Wavelength of the 
receive optical signal and light With the Wavelength of 
the send optical signal and permits the transmission of 
a part of these lights to perform tWo-Way communica 
tion using optical signals With an identical Wavelength. 

9. The optical communication module according to any 
one of claims 1 to 6, Wherein 

the receive optical signal and the send optical signal are 
identical to each other in optical signal Wavelength, and 

the ?lter has a half mirror, for partially re?ecting light 
With the Wavelength of the receive optical signal and 
light With the Wavelength of the send optical signal, and 
permitting the transmission of a part of these lights, and 
a ?lter ?lm Which permits the transmission of light With 
the Wavelength of the receive optical signal and light 
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With the Wavelength of the send optical signal and does 
not permit the transmission of light With Wavelength of 
input noise light, and 

the input noise light is cut off to perform tWo-Way 
communication using optical signals With an identical 
Wavelength. 

10. The optical communication module according to any 
one of claims 1 to 9, Wherein parts in each section for 
tWo-Way communication are constructed on a chip of the 
optical Waveguide substrate. 

11. The optical communication module according to 
claim 10, Wherein the groove for installing the optical ?ber 
is formed on the optical Waveguide substrate. 

12. The optical communication module according to 
claim 11, Wherein the groove for installing the optical ?ber 
is formed in a V form as vieWed in section by anisotropic 
etching in the optical Waveguide substrate. 

13. The optical communication module according to any 
one of claims 10 to 12, Wherein 

the optical Waveguide substrate is in the form of a 
parallelogram of Which the angle of the vertex is not 
right angle, and 

the groove and the ?lter are provided parallel respectively 
to adjacent tWo sides of the parallelogram in the optical 
Waveguide substrate. 

14. The optical communication module according to any 
one of claims 10 to 13, Wherein 

a carrier for mounting the receive photodetector for 
receiving the receive optical signal is provided, and 

the receive photodetector is mounted Within the carrier, 
Which is installed, rather than Within the optical 
Waveguide substrate, at a position that receives the 
receive optical signal Which has passed through the 
?lter. 

15. An optical communication apparatus provided With an 
optical communication module for optical signal communi 
cation, Wherein 

the Waveguide for communication of the optical signal 
provided betWeen the ?lter for the transmission and 
re?ection of the optical signal and the optical ?ber 
Within the optical communication module is a straight 
Waveguide. 

16. The optical communication apparatus according to 
claim 15, Wherein a groove for installing the optical ?ber is 
linearly provided Within the optical communication module, 
from the end of the Waveguide, in the same direction as and 
parallel to the direction of the optical ?ber. 

17. The optical communication apparatus according to 
claim 15 or 16, Wherein 

a ?rst optical Waveguide and a second optical Waveguide 
are provided as the straight Waveguide for optical 
signal communication Within the optical communica 
tion module, 

the ?rst optical Waveguide and the second optical 
Waveguide are provided at respective angles such that 
an optical signal introduced from the ?rst optical 
Waveguide is re?ected from the ?lter and transmitted to 
the second optical Waveguide and one end of each of 
the ?rst and second optical Waveguides is disposed at a 
position close to the optical signal re?ection point in 
the ?lter, and 
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a groove for installing the optical ?ber is disposed 
straightly relative to and in the same direction as the 
second optical Waveguide so as to eXtend from the end 
of the second optical Waveguide remote from the ?lter 
toWard the opposite direction of the second optical 
Waveguide. 

18. A process for producing an optical communication 
module for optical signal communication, Wherein 

a straight Waveguide is linearly formed as a Waveguide for 
communication of the optical signal provided betWeen 
an optical ?ber and a ?lter for the transmission and 
re?ection of an optical signal. 

19. The process according to claim 18, Wherein a groove 
for installing the optical ?ber is linearly provided, from the 
end of the Waveguide, in the same direction as and parallel 
to the direction of the optical ?ber. 

20. The process according to claim 18 or 19, Wherein 

a ?rst optical Waveguide and a second optical Waveguide 
are provided as a straight Waveguide for optical signal 
communication, 

the ?rst optical Waveguide and the second optical 
Waveguide are provided at respective angles such that 
an optical signal introduced from the ?rst optical 
Waveguide is re?ected from the ?lter and transmitted to 
the second optical Waveguide and one end of each of 
the ?rst and second optical Waveguides is disposed at a 
position close to the optical signal re?ection point in 
the ?lter, and 

a groove for installing the optical ?ber is disposed 
straightly relative to and in the same direction as the 
second optical Waveguide so as to eXtend from the end 
of the second optical Waveguide, remote from the ?lter 
toWard the opposite direction of the second optical 
Waveguide. 

21. The process according to any one of claims 18 to 20, 
Wherein parts in each section for tWo-Way communication 
are constructed on a chip of the optical Waveguide substrate. 

22. The process according to claim 21, Wherein the groove 
for installing the optical ?ber is formed on the optical 
Waveguide substrate by anisotropic etching. 

23. The process according to claim 21 or 22, Wherein the 
groove for installing the optical ?ber is formed in a V form 
as vieWed in section on the optical Waveguide substrate. 

24. The process according to any one of claims 21 to 23, 
Wherein a mask for forming each chip of the optical 
Waveguide substrate is formed on a Wafer diagonally relative 
to the aXial direction of the Wafer crystal. 

25. The process according to any one of claims 21 to 23, 
Wherein a mask for each chip of the optical Waveguide 
substrate is formed on a Wafer in the longitudinal direction 
along the crystal face orientation of the Wafer and in the 
lateral a direction diagonally relative to the crystal face 
orientation of the Wafer and the optical Waveguide substrate 
is formed in a parallelogram form. 

26. The process according to any one of claims 21 to 25, 
Wherein a groove for the insertion of the ?lter and a groove 
for abutting against the optical ?ber provided in each of the 
optical Waveguide substrates are formed at a time for each 
line of the optical Waveguide substrates in the mask of the 
Wafer. 


